This paper finds that the financial crisis has tremendously impacted innovation in most European countries with Greece and Lithuania being the most affected while Finland and Austria have the least negative effect on their innovation activities. Greece and Lithuania's national innovation systems share many common characteristics which are in sharp contrast to those shared by Finland and Austria, including most notably culture, quality of the higher education system, science and technological capability, and structure of the economy. Those identified distinctions along the main dimensions of the national innovation systems between the most and least affected countries could to a large extent explain why the effect of the financial crisis is heterogeneous across European countries.
Introduction
In April 2007, New Century Financial, the second largest US sub-prime lender targeting people with poor credit history, filed for bankruptcy. During the two years after that, many other major names of the financial world fell one after another, including Fannie Mae, Freddie Mac, AIG, Lehman Brothers, HBOS, Bradford and Bingley, Northern Rock, RBS, Halifax, to name just a few. The 2007-2009 global financial crisis, also known as the credit crunch, has left behind enormous vestiges in the aftermath that we are still dealing with now.
The financial crisis certainly did not just affect financial institutions. At heart of the problem, the crisis has seriously damaged the world's financial system, which in turn affected the flow of capital around the globe. Firms, especially those which depend on external finance, therefore, also became the victims of the crisis (OECD, 2009 (OECD, , 2010 . Campello et al. (2010) survey 1,050 Chief Financial Officers around the world and report that 86% of the surveyed companies have to bypass attractive investment opportunities due to lack of sufficient external finance as a result of the financial crisis. The same study also reveals that firms have to plan deep cuts in spending, especially on high-tech research and development (R&D hereafter) and employment. What do the results of such survey tell us? The effect of the financial crisis is not just tough, it will persist. The reason is simple: if innovation activity is affected, it would weaken an important competitive edge of a country and that would have severe long-term consequences (Tidd and Bessant, 2009; Paunov, 2010) .
Therefore, it is no surprise that in the aftermath of the financial crisis many governments around the world concern with the questions: how much the financial crisis has affected the country' innovation activities and how the policy responses should address such concern (Claessens et al., 2012) . That creates an imperative demand for research that could build up our understanding of the effect of the crisis on innovation. In response to such demand, there is a growing body of the literature that looks at how innovation is affected by the crisis (e.g. Correa et al., 2010; Sidorkin and Srholec, 2010; Archibugi and Filippetti, 2011; Llach et al., 2011) .
Research in this area generally attracts great attention and is of significant contribution to both the academic literature and the world of practitioners and policy-makers. the impact of the financial crisis unequal across countries. The EU is a key player in the world economy and is among the most seriously affected areas. Therefore, insights about how the financial crisis has affected this part of the world are of significant importance. Due to such importance, the EU has naturally attracted a great deal of effort from researchers to investigate the impact of the financial crisis. To date, it has been documented that the financial crisis has significantly affected innovation activities in European countries and that the effect of the crisis on innovation is different across countries Filippetti, 2010, 2011; Archibugi et al., 2012 Archibugi et al., , 2013 . This paper seeks to contribute to this literature by exploring the differences across various dimensions of the national systems of innovation of the most and the least affected European countries.
Moreover, the investigation into the possible explanations for the unequal impact of the financial crisis on innovation across European countries is of significant value to policy-makers in the post-crisis era. Consistently throughout the history of the EU, one of the very bases of the existence of the EU is to establish and foster cohesion, convergence and integration among European countries. The financial crisis creates a chaotic environment in which those core objectives of the EU are challenged. Of particular relevance to the topic investigated in this paper is the convergence issue. What we have known is that there exists a big disparity between a small 'elite' group of EU countries, e.g. Germany, France, Finland..., and the group of weaker states, e.g. Lithuania, Latvia, Hungary... (Pavitt, 1998; Lorenz and Lundvall, 2006) . The 'elite' group in general has better infrastructure, technical capability and also better financial ability (European Commission, 2009b) , i.e. those factors which are essential to foster innovation.
What the EU has been trying to do is to reduce that disparity to create a unified European system of innovation (rather than 27 small systems lie separately next to each other) in the hope to close the gap with its rivals, the US and Japan (Archibugi and Coco, 2005) . If we look at that effort through the lens of the financial crisis, the vision of a unified European system of innovation seems less likely to realize since the crisis would affect the weaker countries, with worse scientific and technical infrastructure and greater dependence on outside capital, more severely Filippetti, 2010, 2011; Archibugi et al., 2012 Archibugi et al., , 2013 . In other words, the financial crisis has been worsening the convergence process in the EU since the weak states are becoming weaker in a faster rate compared to the 'elite' countries. Back to the reason why the EU exists, this is an issue that must attract the EU's utmost priority. And without an understanding of why the financial crisis would affect different EU countries unequally, policy-makers are not ready to tackle it. This paper contributes to such understanding and thus is a valuable contribution.
Based on the European Commission's (2009a) Innobarometer (hereafter the Innobarometer 2009), it is firstly found that the financial crisis does significantly affect innovation activities of European countries, which confirms and reinforces the existing evidence (Correa et al. 2010; Archibugi and Filippetti, 2010; Campello et al., 2010; Archibugi and Filippetti, 2011; Llach et al., 2011; Archibugi et al., 2012 Archibugi et al., , 2013 . The paper then identifies the countries which are affected the most and the least by the financial crisis. Lithuania and Greece fall within the most affected group while Finland and Austria are the least affected. The main analysis of the paper is then conducted to compare and contrast various characteristics of the most and least affected countries along some important dimensions of the national system of innovation (NSI hereafter). Lithuania and Greece share several common characteristics of the NSI, which are in sharp contrast to the common characteristics shared by Austria and Finland. In particular, significant differences are found between the most and the least affected countries along the dimensions of culture, the quality of the higher education system, the science and technological capabilities as well as the structure of the economy. Those differences could to a large extent explain for the unequal impact of the financial crisis across countries.
The rest of this paper proceeds as follows. In section 2, the relevant literature is reviewed to identify the gap to which this paper aims at contributing to. With insights from the existing literature, section 2 ends with a list of research questions that this paper would seek the answers for. Section 3 and 4 present the analysis of the impact of the financial crisis on innovation activities of European countries and identify which countries are affected the most and the least. Section 5 compares and contrasts the main characteristics of the most and least affected countries. Section 6 provides some concluding remarks.
Innovation in crisis times
Despite being the subject of extensive research, there is not yet a generally accepted definition of innovation. However, most of the widely-used definitions have a common ingredient for innovation: 'newness' (Johannessen et al., 2001 dimension then rates the innovation on a scale with radical and incremental at the two opposite extremes. Tidd and Bessant (2009, p19) define innovation as "the process of turning [new] ideas into reality and capturing value from them". This definition implies innovation would create benefit for firms as well as the countries those firms operate in, and thus normatively it should be encouraged. At firm-level, Hauptly (2008) shows that on average innovative firms offer a superior stock return of 3% per year as compared with the non-innovators. It has also been shown that innovation is positively related to firm's profitability and growth (e.g. Geroski and Machin, 1992; Kleinknecht and Mohnen, 2002; Innovaro, 2008) . Furthermore, since the last century economic growth at country-level also depends heavily on innovation activities (Segerstrom, 1991; Baumol, 2002) . However, as noted by Neely and Hii (1998) , economic performance does not solely rely on innovation, but rather a wide range of other factors.
Despite being important, there are many barriers to innovation. The existing literature has identified a rather long list of the key barriers, including those external to the firm such as poor infrastructure, deficient education system, discouraging legal system, inadequate financial resources to pursue long-term projects etc. and some internal barriers such as organizational procedures, communication structures, conservatism, lack of vision and motivation, unwillingness to change, risk-adverse managers (Howard, 1992; OECD, 1992; Wiig and Wood, 1997; Neely and Hii, 1998; Hadjimanolis, 1999; Madrid-Guijarro et al., 2009; D'Este et al., 2012 etc.) .
In general, the literature tends to be conclusive about the significant role of innovation for both firms and countries to thrive sustainably. Therefore, it is not a coincidence that most governments around the world pay a lot of attention to encouraging innovative activities in the economy (OECD, 2009 (OECD, , 2010 Economy. However, the seminal studies that frame the NSI concept for our nowadays modern economy are Freeman (1987) , Lundvall (1992) and Nelson (1993) . At heart of research into NSI is the quest for country-specific factors that drive innovations. So far, the literature has identified a handful of NSI factors which are important drivers of innovations. Pinto and Pereira (2012) , for example, analyze 64 variables to try describing the NSI of 15 European countries. Archibugi and Michie (1997) cluster NSI factors down to some main dimensions, namely education and training, science and technological capabilities, industrial structure, science and technology strengths and weaknesses, interactions within the innovation system, absorption from abroad, and others which "are rooted in history, and concern the culture, size, language and vocation of a nation".
There is a large body of the literature examining the effect of economic crisis on innovation.
This literature owes its origin to the classical Schumpeter's (1939) business cycle. In particular, the Schumpeterians view innovation and economic performance as inter-correlated and they fluctuate depending on the other counterpart in a cyclical manner. The business cycle model specifies a theoretical equilibrium at which the economy is at a stationary state. Such equilibrium is reached when there is no innovative activity. As firms innovate, the economy would leave the equilibrium to develop. Things would keep going on like that until innovation activities reach the marginal limit when the economy starts to fall into the downward trend.
Economic downturn would then be responsible for even less innovative activity, until the market becomes so uncompetitive that new firms, with more innovative capacity, are allowed to enter and compete the non-innovative firms away or the existing firms need to innovate more to survive. With more innovative activities, the economy would start to pick up again. This process whereby innovations increase during economic downturn is often referred to as the Schumpeterian 'creative destruction', or the 'counter-cyclical' hypothesis, which for a long time has dominantly shaped the way we understand how economic crises would affect innovation.
The Schumpeter's business cycle model has passed the test of time to stand as one of the key building blocks in our modern business theories. Nevertheless, there are several subsequent contributions, both to supplement and to challenge the original theory, which make this issue an area of dispute. Mensch (1979) argues that only during economic downturns would more radical innovations be developed since the difficult economic climate might motivate the forerunners to breakthrough to survive. Mensch's depression trigger hypothesis has received a lot of attention and could explain very well the 1970s recession episode. Soete (2009) shows that economic downturns often lead to less skilled labour being sacked to give space for keeping more qualified personnel, a process referred to as 'labour hoarding' which sparks innovative activities. There is also evidence that firms would easily switch resources to R&D during recession to reap future profits when the economy finally gets back to normal (Stiglitz, 1993; Aghion and Saint-Paul, 1998) . It is because during recession the opportunity cost of increasing R&D spending (thus having to cut down real investment which could produce immediate profits) is lower than in a boom economy. On the other hand, however, other authors suggest a cyclical hypothesis, i.e. important innovations would appear mainly when the economic climate is conducive due to the very high uncertainty associated with seminal innovations (e.g. Clarke et al., 1981; Van Dujin, 1983; Shleiffer, 1986; Francois and LloydEllis, 2003) . Paunov (2010) presents empirical evidence in support of the hypothesis that financial crises reduce innovations. Paunov (2010) argues that the increase in financing constraints is mainly responsible for the negative effect of the crisis on innovations.
Currently with 27 member states, including some of the world largest economies, the EU is an important player in the world economy. In 2000, the Lisbon Agenda was devised with the aim to develop a sustainable knowledge-based economy in the EU with innovation as the central motor. With innovation at heart of the policy to foster long-term growth for the EU, it is no surprise that research into innovations in European countries has attracted a lot of attention from the academic community, especially during the last decade (e.g. Andreasen et al., 1995; Iammarino, 1998, 2003; Radosevic, 1999 Radosevic, , 2004 Rodriguez-Pose, 1999 Rodriguez-Pose and Fratesi, 2004; Archibugi and Lundvall, 2000; Borras, 2003; Griffith et al., 2006; Van Vught, 2009 , Krammer, 2009 ).
Of particular relevance to this paper is the body of the literature that examines the effect of the financial crisis on innovations of European countries. Looking at aggregate data at EU-level, the European Union (2011) reports that R&D investment in the EU has dropped significantly during the 2008-2009 period. The report also alerts that some EU countries are affected more severely than the others in terms of having to cut down R&D budget. The OECD (2009, 2010) reached the same conclusion that R&D investment, especially in high risk long-term projects, has reduced markedly in 2008. Correa et al. (2010) and Llach et al. (2011) also provide empirical evidence of the reduction of innovation investment in Europe. Campello et al. (2010) conduct a survey of CFO, including those from firms in the EU, and report that firms have to cut investment in innovation remarkably as a result of the financial crisis. Archibugi and Filippetti (2011) find that the financial crisis has slowed down the convergence process in the EU resulting in a growing disparity in innovative capabilities among EU countries. Sidorkin and Srholec (2010) found that in the context of Eastern and Southern Europe the effect of the financial crisis is heavier for countries with less innovative firms. Archibugi et al. (2012) provide empirical evidence that the financial crisis has enabled some small and young firms to increase their innovative activities and thus becoming the new challengers to the traditional incumbent firms which are likely to struggle to invest more in innovation during the economic turmoil. Archibugi and Filippetti (2010) In this paper, Archibugi and Filippetti's (2010) analyses will first be replicated. The 'innovation balance', denoted INBAL, is constructed exactly the same way as in Archibugi and Filippetti (2010) and reported in in the pre-crisis period (column 15) are all positive while the balance is mostly negative in the crisis (except only for Malta, Austria, Finland, and Sweden). The positive INBAL in the precrisis period would imply that in the pre-crisis period more firms increase their innovation investment, and then when the financial crisis started, INBAL falls negative indicating more firms had to cut their budget for innovation. In summary, the evidence tends to suggest that the crisis has negatively affected innovation activities in Europe, which is in line with the established evidence (Correa et al. 2010; Archibugi and Filippetti, 2010; Campello et al., 2010; Archibugi and Filippetti, 2011; Llach et al., 2011; Archibugi et al., 2012 etc.) .
[ Table 1 ]
Archibugi and Filippetti's (2010) approach could, however, only give a general impression rather than a more detail understanding of how the crisis actually impacted on innovation.
Therefore, the paper takes a step further by looking deeper into the detailed answers to the (ii) The number of firms which provide a 'Not applicable' answer is excluded.
(iii) The percentages for each type of answers (i.e. 'increased', 'decreased', 'stay the same', 'no innovation') are then recalculated (but with the sum excluding 'N/A' firms). By construct, if CI_IN is negative, and CI_DE, CI_SA, CI_NO are positive, it is evidence of the financial crisis negatively affect innovation. By looking at those measures rather than just INBAL, the paper can reveal more detailed evidence as to whether the crisis actually affect innovation through reducing the number of firms that would expand innovation investment, or increasing the number of firms that cannot increase the budget for innovation, or have to reduce it or even become non-innovative. Table 2 reports the results, which are sorted by CI_IN (column 10). As shown in column 2, in the six-month period immediately after the crisis there are still some firms which are ready to 'swim upstream' to increase rather than decrease innovation budget. However, such number has declined remarkably compared to the reference period. As a result, CI_IN are mostly negative across countries implying the number of innovators (i.e. those which increase their innovation budget) has dropped significantly as a result of the financial crisis (column 10). On the other hand, the number of firms which reduce or remain innovation investment unchanged or even have no innovation at all have increased dramatically as a result of the crisis (columns 11, 12 and 13, respectively). Compared to the results reported in Table 1 , some countries (such as Romania, Lithuania, Greece…) are at the bottom of both tables indicating they are negatively impacted by the financial crisis mainly because the number of firms trying to increase innovation investment during the financial crisis has tremendously dropped. Meanwhile, the top spots of Table 1 and 2 do not seem to include the same countries. It implies that a country is less affected by the financial crisis not because they have more firms which are ready to 'swim upstream' to increase innovation spending during the crisis, but it is more because it has less firms having been forced to cut down on innovation activities. Overall, the evidence supplements to Archibugi and Filippetti's (2010) findings suggesting a negative impact of the crisis on innovation activities in Europe.
Essentially, the key problem to the real business world caused by the financial crisis is the difficulty in accessing the necessary finance. Therefore, as Paunov (2010) envisions, it is the difficulty in accessing the crucial finance for innovation that prevents the Schumpeterian 'creative destruction' from happening. The evidence of the heavy impact of the financial crisis on EU innovation activities documented here also amplifies the long-standing warning that the EU is so ill-prepared for a large-scaled financial crisis due to the weaknesses of its policies (Pisani-Ferry and Sapir, 2010).
[ Table 2 ]
The most and the least affected countries
For the second research question, two groups of countries are identified: the most affected and the least affected (two countries in each group). Using data generated from section 3, the Column 14 of Table   1 shows that within the bottom five countries, Lithuania and Greece have the largest drop of innovation balance compared to the reference period. Therefore, within this paper Lithuania and Greece are identified as the most affected countries.
The above simple approach employed to classify the most and least affected countries does suffer from a flaw as it could not look into all components of the innovation balance. To compensate for any possible important omission resulted from such pitfall, however, CI_IN, CI_DE, CI_SA and CI_NO of the least and most affected countries are reviewed to see if they make sense with the simple approach employed. From Table 2 , it could be seen that in terms of the number of firms which increase innovation budget, Lithuania has the largest drop (CI_IN is -45.6%) and Greece comes third (CI_IN is -40.9%). In addition, while CI_SA and CI_NO of Lithuania and Greece are not significantly larger than the other countries, their CI_DE, which measures the pressure of the crisis on firms having to reduce their innovation budget, tops the table in the first and second position, respectively. Hence, it seems to suggest that the simple classification of the most affected countries makes sense since it comprises the two countries which have the largest number of firms having to reduce innovation budget and the smallest number of firms that could increase the budget in the crisis. A similar review is then performed for Austria and Finland. It could be noted that CI_DE of Austria and Switzerland are remarkably smaller than the other countries while the other measures are about average.
Again, it suggests that the applied classification is reasonable.
What makes the impact of the financial crisis different across countries?
The evidence presented thus far has been in line with the existing literature suggesting that the financial crisis does have a significant impact on innovation activities of European countries, and that the impact is unequal across different countries (e.g. Filippetti, 2010, 2011; Archibugi et al., 2012 Archibugi et al., , 2013 . The main focus of this paper is placed on the possible explanations for the unequal impact of the financial crisis on innovation across European countries. This investigation is done by a comparative analysis in which several characteristics of the most and least affected countries will be compared and contrasted. The comparative analysis will cover four main dimensions of the NSI as outlined by Archibugi and Michie (1997) , namely: national characteristics, higher education system, science and technology capabilities, structure of the economy. The design of this test is motivated by the existing literature which suggests that a stronger NSI would ameliorate the negative effect of financial crisis (e.g. Di Caprio et al., 2012).
National characteristics
To begin with, a range of information is looked at to give a first overall impression of the selected countries. In terms of geographical area, Finland is the largest country (338 thousand km 2 ), followed by Greece (132), Austria (84) and Lithuania (65). However, according to the newest release of the United Nation, Greece has the largest population (11.2 million), followed Austria which uses German and Finland which uses both Finnish and Swedish. On average, however, Finnish pupils learn 2.2 more foreign languages, followed by Greece (2.0), Lithuania (1.8) and Austria (1.1). In terms of political system, the four countries are quite similar with the Republic model (although in Austria it is a Federal Republic). The major religion in all four countries is Christianity.
Given that the paper is investigating about innovation, perhaps the most important difference between the two groups of country is culture. Hussler (2004) , Kaasa and Vadi (2010) , among others, have found that culture is a major factor that affects innovation capacity in the European context. There is a well-established literature comparing and contrasting the cultural differences between European countries (e.g. Hofstede, 1984; Ronen and Shenkar, 1985; Brodbeck et al, 2000) . Ronen and Shenkar (1985) build upon Hofstede's (1984) seminal study to cluster European cultures, of which Austria is in the Germanic cluster, Finland in the Nordic and Greece in the Near East while Lithuania is not classified. Various other studies, using different methodologies and looking at different cultural dimensions, have provided very consistent evidence that such clusters are reliable and sensible (e.g. Sirota and Greenwood, 1971; Ronen and Kraut, 1977; Redding, 1976; Badawy, 1979 etc.) . Using Hofstede's classical cultural dimensions, the Near East countries, of which Greece is a typical member, in general have higher power distance and uncertainty avoidance while individualism is typically low and masculinity is about average. Lithuania, although is not a popular countries for cross-sectional studies about culture in European countries, has a very distinctive cultural characteristic compared to the other three selected countries since its modern history is heavily influenced by the USSR after the Second World War (Mockaitis, 2002) . Despite being clustered into different groups, the Nordic and Germanic clusters share many similarities, for example in some studies they are grouped into a common cluster called Northern Europe (Griffeth et al., 1980; Haire et al., 1966) . Hofstede (1984) also reports that Germanic and Nordic clusters have very similar indices for individualism, uncertainty avoidance and power distance; the only notable difference is across the masculinity dimension. Overall, the existing literature suggests a remarkable within-group similarity as well as acrossgroup difference between the two groups investigated. For a convenient comparison, Table 3 reports the scores for Hofstede's four cultural dimensions of the four countries. Data for Greece, Finland and Austria is taken from Hofstede (2001) , an updated publication of the scores based on subsequent replication studies, while for Lithuania, data is from Mockaitis individuals at all level in the companies are more willing to take on responsibilities and more proactive in their job to pursue personal goals. On top of that, low uncertainty avoidance would also suggest Austrian and Finnish companies are more willing to take on risky projects even when the environment is turbulent 2 . Therefore, it does not seem to be a coincidence that that Greece and Lithuania is among the most while Austria and Finland are among the least affected countries, but rather their cultures have actually played a role in either exaggerating (as in the case of Greece and Lithuania) or restraining (as for Austria and Finland) the negative impact of the financial crisis on innovation.
[ Table 3 ]
Higher education system
In time of crisis, what keeps a country moving ahead in terms of innovation is mainly its human resource. With more innovative people, the effect of the crisis would be expected to be less severe. Makkonen and Inkinen (2012) find that in the context of the EU, education is the main driver of innovation and economic development. Therefore, the quality of the higher education systems, from which the 'innovative people' mainly come, plays a crucial role in restraining or exaggerating the impact of the crisis. The paper, hence, compares and contrasts the higher education systems of the most and least affected countries.
The analysis covers both the higher education providers (i.e. the universities) and the system's products (i.e. the students and graduates), and both quality and quantity will be analyzed. To start with, the level of investment in education is considered since it would determine the quality of the system. Data for investment in education (denoted IE) is taken from Eurostat.
The paper also analyzes quantitative data about students and graduates in science and Table 4 below reports data on the level of investment in education and the quantity of science and technology personnel produced by the higher education systems of the selected countries.
In terms of investment in education, as shown in Table 4 , Greece and Lithuania invested significantly less compared to Austria and Finland (4.09% and 4.87% compared to 5.47% and 6.1%, respectively). Besides, the least affected ones generally have higher HRST, DSST and DGST, respectively. Although HRST and DSST of Austria are not significantly higher than Greece and Lithuania, there is a sharp contrast between Finland and the most affected countries.
In terms of DGST, the least affected countries are far better than the most affected.
[ Table 4 ] Malva and Carree (2013) show that it is the quality of academic research, rather than the mere presence of researchers, that affects innovation capacity. To take quality into account as a supplement to the evidence presented earlier, the Times Higher Education's (2012) universities ranking, one of the most popular universities league tables in the world, is analyzed to access the quality of the top universities in the most and the least affected countries. Of course there are various other university rankings beside the Times Higher Education. However, there is existing evidence suggesting top university rankings converge in terms of the methodology employed (e.g. Turner, 2005) , thus the resulting rankings are highly correlated (e.g. Dill and Soo, 2005) . Therefore, this paper restricts to the use of only the Times Higher Education's Overall, the evidence seems to imply that the least affected countries does have a better higher education system, both in terms of the providers and the products of the system. In time of crisis, such better quality higher education system could restrain the impact of the crisis on innovation. Archibugi and Michie (1997) Greece and Lithuania (42,950 and 46,143 compared to 12,443 and 1958, respectively) . The number of registered hi-tech patents and total number of patents in Austria and Finland are significantly higher compared to Greece and Lithuania, ranging from 15 to 100 times larger. The percentage of people working in R&D fields in Austria and Finland is also two to three times higher than in Greece and Lithuania (1.36% and 2.1% compared to 0.72% and 0.78%). In terms of R&D spending, Austria and
Science and technological capabilities
Finland also exhibit a much larger numbers both in terms of total R&D spending in general and government R&D investment in particular. Finally, in Austria and Finland the value of intangible fixed assets, most of which would reflect the value of innovation projects such as registered patents, trademarks etc. is also higher than in Greece and Lithuania. In a nutshell, the least affected countries remarkably and consistently outperform the most affected countries across the ten dimensions of science and technological capabilities covered. Hence, the evidence implies that the stronger science and technological capabilities in Austria and Finland do play a role in restraining the impact of the financial crisis.
[ Table 5 Eurostat from which data for this analysis is collected. [ Table 6 ]
In addition, firm's size does matter in defending innovative activities against economic downturns. Archibugi and Michie (1997) argue that most basic innovations, which are typically long-term, highly costly and associated with high uncertainties, are often conducted by large firms. On the other hand, there is also a lot of evidence suggesting that small and medium-sized enterprises (SMEs hereafter) are more likely to be successful in innovation (e.g. Porter, 1980; Lieberman and Montgomery, 1988; Nooteboom, 1994; Vossen, 1998) . However, SMEs also typically face with financial constraints, which could be a major problem during a financial crisis episode. In fact, the literature has shown that the 2007-2009 financial crisis has made it extremely difficult for small firms to finance their operations (Cosh et al., 2009; Lamoreaux and Levenstein, 2011) . Therefore, it is hypothesized that the more a role SMEs play in a country' economy, the more severe the effect of the financial crisis on innovation would be.
Data for this analysis comes from the publicly available database attached to the European Commission (2009c). For each selected country, the paper will collect data and breakdown the number of firms, number of employees and turnovers by firm's size. Following the European 3 Greece and Lithuania also seem to rely more on Agriculture, hunting and fishing compared to Austria and Finland. It might suggest Greece and Lithuania could be less affected by the financial crisis because the agriculture, hunting and fishing sector is less dependent on innovation. However, it is noted that the differences in the weight of the agriculture, hunting and fishing sector in the overall GVA in the interested countries are trivial (the largest is between Lithuania at 3.7% and Austria at 1.7%, representing an only 2% difference).
Commission's (2009c) classification, micro firms are defined as those with less than 10 employees, small firms are those with 10-49, medium-sized firms with 50-249 and large firms with more than 250 employees. Table 7 reports the breakdown of the number of firms, number of employees and total revenues by firm size. In comparison between the most and least affected countries, a trend is revealed. In terms of the number of SMEs, SMEs dominates in all four countries (more than 99% in all cases). However, there are distinction in terms of employees and turnover generated. Although occupied less than 1% of the total number of firms, large firms in Austria and Finland employ more people (33% and 40% of the total workforce, respectively) as compared to in Greece and Lithuania (13% and 25%, respectively).
Besides, large firms in Austria and Finland also generate more turnovers (36% and 52% of total turnover, respectively) while the corresponding numbers in Greece and Lithuania are just 22% and 34%. Higher revenues generated by larger companies generally indicate a country would resist the impact of the financial crisis better thanks to the stronger financial status of those large companies. Thus, it could be concluded that SMEs play a more important role in Greece and Lithuania which could explain why the financial crisis affected these countries more severely.
[ Table 7 ]
Conclusions
The global financial crisis which swept through the whole world financial system during the 2007-2009 period has many severe consequences. One of the problems that would cause a long-term negative impact is if the crisis has actually reduced innovation activities. This creates a great demand for research that could provide evidence about the impact of the financial crisis on innovation activities.
This paper investigates how the financial crisis has affected innovation activities in Europe as
well as what factors of the NSI exaggerate and mitigate the impacts of the financial crisis across countries. The paper examines the similarities of the NSI factors of the countries of which innovation activities are most affected by the financial crisis, and compare them with the common NSI characteristics shared by the countries which are affected by the financial crisis the least. It is found that the financial crisis has negatively affected innovation activities in Europe. Moreover, the paper provides important evidence that Greece and Lithuania, the most affected countries, are quite different from Austria and Finland, the least affected ones, along four important dimensions of the NSI, namely culture, higher education systems, science and technological capabilities, and structure of the economy. Those sharp contrasts would to a large extent explain why the financial crisis affected different EU member states differently.
The insight brought forward by this paper is topically important for EU leaders in drafting policy in the post-crisis era to enhance convergence within the region. Notes: Columns 1 to 9 convert the raw data from the Innobarometer 2009 into percentages excluding the N/A answers from the total responses. CI_IN (CI_DE, CI_SA, CI_NO) is the difference between column 2 and 6 (3 and 7, 4 and 8, 5 and 9 respectively).
